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The unretouched photo above shows the condition 
of the tap changer from an Allis-Chalmers power 
regulator that has changed taps 1,240,000 times on 
a western utility 


You can see from this photo that this regulator is still in 
excellent condition — it will give many more years of satis- 
factory service. 

This 17-year operating record adds field proof to labora- 
tory tests that have shown that the Quick-Break mechanism 
will withstand five million operations. You get this rugged, 
reliable mechanism on every Allis-Chalmers %% step volt- 
age regulator. It gives fast, clean wiping action that snaps 
moving contacts from one stationary contact to the next 
before there is time for damage to occur. 

In addition, when you depend on Allis-Chalmers, you 
benefit from more than twenty years’ experience building 
5% step voltage regulators. No other manufacturer gives 
you this kind of design and operating experience. 

Next time you consider regulation, for new or replace- 
ment installations, it will pay to get the complete facts 
about Allis-Chalmers regulators. Contact your nearby A-C 
district office or write Allis-Chalmers, Milwaukee 1, Wiscon- 
sin, for more details. A-4242 
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SUBTERRANEAN CAROUSEL—Circling wa- 
ter racing through spiral casings will be 
directed by these stay-ring assemblies into 
Francis type runners where 57,500 hp will 
be harnessed by each of eight identical 
hydraulic turbines drawing water through 
22-ft diameter inlets under 112-ft head from 
the 6,300,000 acre-feet Fort Randall Reser- 
voir in southeastern South Dakota. Since 
the dedication on March 15th, one turbine 
in this U.S. Army Corps of Engineers’ mullti- 
purpose dam project has been in operation 
—seven others are in various stages of 
installation, construction, and manufacture. 
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PROGRESS REPORT... 


Supercharged Cooling 





by L. T. ROSENBERG 
Motor and Generator Section 
Allis-Chalmers Mfg. Co. 





Nearly three years of on-the-line 
experience proves the barrier to effective 
generator cooling has been overcome. 


HE INTRODUCTION of supercharged internal 

conductor cooling of steam turbine generators in 

July, 1951, was a great forward step in the long 
chain of ventilation developments extending over the past 
half century. As high speed turbine units grew in size the 
generator rotor had to be made longer because mechanical 
strength considerations limited the diameter. As a result, 
both the stator and rotor became increasingly difficult to 
ventilate. 


Stator cooling advanced ahead of rotor cooling, first in 
1924 by virtue of multiple radial air flow,’ utilizing the 
space surrounding the core, and in 1937, by means of 
spiral ventilation,? in which successive radial passages 
along the core length became alternately inlets and outlets. 
Rotor advances depended mainly on improved physical 
and magnetic properties of forgings, and such details as 
grooved outer surfaces, trenches below the rotor coils, 
radial air gap scoops,’ and axial ducts along the teeth and 
poles. The adoption of hydrogen cooling at 12 psig added 
another 20 to 25 percent to machine capacity. Raising 
hydrogen pressure to 30 psig yielded approximately an 
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SPACE REQUIREMENTS, crane capacity, 
and other power-plant costs were materially 
reduced by supercharging the rotor of this 
88,235-kva at 30 psig machine. (FIG. 1) 


additional 19 percent capacity when corrected for normal 
short circuit ratio. 

In contrast to these modest improvements, the applica- 
tion of supercharging to the rotor alone in 1951 added 
65 percent to the output per pound of rotor weight at 
14 psig hydrogen and with normal short circuit ratio. 
Complete supercharging of the stator as well as the rotor, 
when coupled with the greater benefits obtainable from 
gas pressures of 30 psig and higher, adds another large step 
to the output per pound of material. 

Application of the cooling medium directly to the cop- 
per conductors is not without precedent. The bare strap 
copper field coils of salient pole machines have been suc- 
cessfully cooled for years, with beveled edges providing 
increased surface area exposed to the air. The end portions 
of turbine generator rotor coils have likewise been left 
partly exposed to the cooling medium with good results. 

Early attempts to carry the coolant into the slot portion 
proved impractical or did not provide sufficiently impor- 
tant gains, probably due to the lack of one or more of the 
following essential components of supercharged cooling: 

(a) A blower capable of developing several times the 
normal fan pressure used with conventional cooling. 

(b) A cooling gas (such as hydrogen) sealed against 
contamination and capable of being circulated with mod- 
erate blower power and temperature rise due to blower 
losses. 

(c) Duct design (in conjunction with the blower) 
that insures more than the minimum threshold mass flow 
of coolant to prevent excessive gas temperature rise. 


Allis-Chalmers Electrical Review * First Quarter, 1954 








_-- ~- 4A —ree wf © - FF fee 


on. 4. 














(d) Ample copper surface exposed to the coolant to 
transfer the heat generated with a small temperature drop. 
(e) High gas velocity over the copper surface to im- 


1 


prove the surface heat transfer coefficient. 


(f) Adequate mechanical support along the sides of 
the conductors to prevent distortion from thermal expan- 


sion forces 


shows a recently installed, 60,000-kw turbine- 
In this type 
two-stage blower forces hydrogen at high 
velocity ough ducts in the rotor copper, whose surface 
area has been increased by the beveled conductor design 


Figure 


generator unit naving a supercharged rotor. 


of machine 


shown in Figure 2. The successive rotor turns combine in 
common pair of ducts having a larger 
s and consequently lower duct friction than 


would be possible within a single turn. This design, al- 


pairs to share 


hy draulic radiu 





though costly to manufacture, affords easy entry of gas 
into the ducts, low resistance to gas flow, and facility for 
duct inspection without removal of rotor coils. The con- 
ductor is continuously supported mechanically throughout 
its length, and its overhung beveled edges are designed 
for maximum overspeed stresses. 

With cool hydrogen entering the rotor copper at both 
ends, a more effective cooling means had to be found for 
the slot region in order to avoid excessive temperature at 
the center of the rotor. This was accomplished by admit- 
ting most of the compressed hydrogen into the conductors 
where the conductors enter the slots. Only a minor por- 


tion is allowed to flow in the coil ends. As a result, the 
rotor temperature rise distribution is as shown in Figure 3. 
The spread between hot spot and average temperature is 
not appreciably different from that of a conventionally 
cooled macnit 


1e Of the same rating but correspondingly 





longer len; Calculations and tests indicate a rise of 
85 C by stance to be safe for supercharged rotors of 
this type 
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Rotor supercharging proves itself 

The first partially supercharged machine has already com- 
pleted 214 years of operation. During the calendar years 
1952 and 1953, this generating unit had an availability 
record of 99.86 percent. The brief outages were due to 
minor factors not involving the generator. Although nom- 
inally rated at 14 psig hydrogen pressure, a 60,000-kw 
unit of this type saves about 9 feet of power plant space 
compared to a conventional machine of the same rating. 
Its reduced length and lighter weight result in numerous 
advantages in reduced thermal expansion, foundation and 
crane costs, and other savings. Although its maximum 
load with higher gas pressure is limited by the conven- 
tionally cooled stator coils to 125 percent at 30 psig, the 
rotor becomes extremely cool as pressure is raised. 


This outstanding behavior of the supercharged machine 
at elevated pressure results mainly from the virtual elimi- 
nation of the heat flow through the insulation wall. The 
temperature gradient through the insulation of a conven- 
tional machine accounts for the major component of the 
copper temperature rise, yet it is substantially independ- 
ent of the hydrogen pressure and hence will increase with 
overloads despite pressure increase. The minor compo- 
nents — gas rise and contact surface rise—that do re- 
spond to gas pressure are insignificant at 30 psig. Hence, 
no great improvement can be achieved above 30 pounds 
with conventional cooling. 


With supercharged cooling, practically no heat flows 
through the insulation; and the major component of cop- 
per temperature rise is the gas rise, which varies inversely 
with absolute pressure. Moreover, the coefficient of heat 
transfer between copper and hydrogen also improves with 
pressure. Hence, this characteristic of continued improve- 
ment with increasing hydrogen pressures up to 100 psig 
or higher is an inherent feature of this new cooling method. 


As stated in previous papers,*: * to take full advantage 
of this new principle, the thermal barrier of the stator coil 
insulation would also have to be removed. Consequently, 
the construction of the fully supercharged generator shown 
in Figure 4 was undertaken. 








COMPACT ARRANGEMENT of the fully supercharged machine not 
only saves hydrogen and CO» when scavenging, but also permits 
shipment of the largest ratings fully assembled. (FIGURE 4) 


Stator supercharging simplifies ventilation 

This first completely supercharged unit is rated 40 mw at 
30 psig hydrogen pressure, with still greater capability 
ratings at higher pressures. Since both the stator and 
rotor are cooled from one end to the other, the ventilation 
circuit is simpler than for the partially supercharged de- 
sign. A single-stage blower has been developed capable of 
the same fan pressure as the earlier two-stage design. The 
hydrogen discharged from the blower enters the coolers at 
the outboard end and, after being cooled, re-enters the 
generator at the turbine end. From this point, the flow is 
in straight parallel paths through rotor windings, air gap, 
stator coils, and core. With this design neither the blower 
loss nor the heat of compression is absorbed by the gas 
until after it has left the windings. 


Stator coil cooling is illustrated in Figure 5. Rectangu- 
lar metal tubes carry the high velocity hydrogen into close 
proximity to the stator copper strands. Tube and strand 
insulation are selected for low thermal resistance. The 
entire coil, including its ducts, is taped with full Class B 
insulation as is used on conventional coils. Since the tubes 
are at coil potential, special provision is made for adequate 
flashover and creepage distances where they emerge at the 
coil ends. 


The stator core is cooled through numerous axial holes 
punched into the laminations. The number and size of 
these holes are so proportioned, relative to the ducts in the 
coils, that the stator core temperature will be nearly equal 
to that of the copper at full load. Differential thermal 
expansion between copper and iron is restricted by this 
means, and the major supply of hydrogen is conserved for 
the coils. This type of core cooling, together with a new 
external cooler arrangement, made it possible to greatly 
reduce the outer shell diameter of machines using this 
design and thus achieve a gas volume reduction of 5:1. 
The small diameter also permits shipment of larger ma- 
chine ratings completely assembled. 
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STATOR-COOLING PASSAGES are proportioned 
to minimize duct friction and assure intimate 
contact with every conductor strand. (FIGURE 5) 


Straight-through ventilation no hardship 
Contrary to common expectations, the flow of coolant 
from one end of the generator to the other introduces no 
new problems either in hot-spot temperature or mechani- 
cal stress due to thermal expansion. The detectors in the 
fully supercharged generator are at the discharge end and 
will register very nearly equal to the hot-spot copper tem- 
perature even at pressures of 45 psig or higher. A 60 C 
rise by detector on such a machine would be safer than on 
a conventional machine with its usual temperature gradi- 
ent through the insulation wall. Moreover, since each 
stator coil is much cooler at the turbine end, average tem- 
perature will likewise be lower than for a conventional 
coil, and thermal expansion less as a result. 


For this type of end-to-end rotor coil ventilation, the 
maximum temperatures at the discharge end are appre- 
ciably lowered by staggering of inlets and outlets on the 
two sides of the same conductors and making use of the 
principle of partial gas entry into the coil ends. This in- 
creases Copper temperature somewhat at the cool end, but 
the ratio of maximum to average can be held as low as 
1.28 with this design, as shown in the lower curves of 
Figure 6. 

Inequality in temperatures between the ends of a ma- 
chine is in no way harmful so long as the temperature 
difference between copper and iron at each end is substan- 
tially the same, and the hot end temperature is known to 
be safe. Temperature distribution tests on full size model 
coils of the type used in the fully supercharged generator 
indicate that 30 psig will probably not be required for 
rated load. 


Supercharging improves reactances and steady- 
state stability 


The reactances of 3600-rpm partially and completely su- 
percharged machines are compared with those of a conven- 
tional unit in Table I. It will be noted that the fully super- 
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adapted for 1800-rpm generators as well, possibly with 
separately driven blowers. There is little doubt that most 
large 3600-rpm generators of the future will be cooled by 
forcing the cooling medium through ducts within the in- 
sulation wall because of the advantages to the user. Com- 
plete supercharging takes full advantage of elevated gas 
pressure and avoids the hazards of differential expansion 
by virtue of (a) shorter length, (b) lower temperature 
drop through insulation, and (c) lower average tempera- 
ture. The compact design of the supercharged generator 
conserves hydrogen and facilitates shipment, while its re- 
duced weight and length decrease bearing and seal main- 
tenance, and building, crane, and foundation costs. 


The higher saturation made possible by the new cool- 
ing principle improves steady-state stability, and the prob- 
lem of increased excitation has been solved by a new com- 
mutatorless exciter-regulator. The higher reactances of 
supercharged machines afford a welcome return of the 
moderate fault currents and low circuit breaker interrupt- 
ing requirements of the days of four-pole turbine gen- 
erators. ‘ 
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temperatures well within accepted limits. 


gas rise at 30 psig, full load. 
tor gas rise at 45 psig, 114 load. 
Stator duct rise at 30 psig, full load. 
Stator duct rise at 45 psig, 11% load. 
Stator copper rise at 30 psig, full load. 
Stator copper rise at 45 psig, 1% load. 


TEMPERATURE DISTRIBUTION along the length of 


supercharged machine indicates maximum 


(FIGURE 6} 











Seal and Bearing 
Testing of 


MODERN GENERATORS 


by FRED A. BERMKE 
Plant Engineering 
Allis-Chalmers Mfg. Co. 


UPERCHARGED COOLING and other design 
changes have so improved the thermal capacity 
of hydrogen-cooled turbine generators that ratings 

of future units will soon be more than twice that of 
equivalent size present-day machines. Along with super- 
charged cooling, higher hydrogen pressures have contrib- 
uted greatly to this revolutionary increase in thermal 
capacity. 

To keep ahead of generator design changes, it has been 
necessary to anticipate operating conditions far enough in 
advance to provide adequate test facilities. A look at a 
new generator test pit will indicate clearly the designers’ 
aims for the near future. 


In the past decade, hydrogen pressures in standard ma- 
chines increased from 3 to 30 psi. Now, designers are 
looking to pressures of 100 psi and over. When it became 
obvious that new designs would require these higher pres- 
sures, plans were immediately made to provide a new test 
pit that could supply sufficient oil at a high enough pres- 
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CONTINUOUSLY FILTERED OIL protects bearings and seals of 
large machines being tested in this new test facility. A 30,000- 
kva, 3000-rpm rotor is shown being balanced. The portable control 
console governs the oil pressure and flow to the bearings and seals. 
The control cabinet in the background contains all of the necessary 
auxiliary devices to assure proper operation of the test equipment. 





sure to maintain the hydrogen seals. The resulting facility 
incorporated a number of interesting features which show 
the complexity of just one test pit in a large, modern, ro- 
tating machinery test floor. 

Because the seal oil pressure supplied to the machine 
under test must be slightly higher than the operating 
hydrogen pressure, the equipment provides oil at pressures 
exceeding 100 psi, together with the automatic devices 
needed in a versatile, well-protected test layout. Up to 
130 gpm of continuously filtered oil can be supplied to 
the seals under test at this pressure. 


The bearing oil supply, too, has been designed to take 
care of future needs. Over 200 gpm of cooled and filtered 
oil at 20 psi is available for bearing oil supply. 

Shown in the illustrations is some of the elaborate equip- 
ment used to provide an unfailing oil supply for the bear- 
ings and seals during normal generator tests and balancing. 





SEAL OIL at a pressure slightly higher than the hydrogen pressuré is al- 
lowed to seep past the seal to prevent leakage of hydrogen to atmosphere. 
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2200 PS! NITROGEN SYSTEM 
FOR 125 PS! EMERGENCY OIL 
PRESSURE HEAD 


schematic diagram are shown with 
diagram shows the complexity 
veeded to thoroughly test bearings and seals. 


HYDRAULIC DEVICES ir 








two 375-gpm low pressure pumps 
supplies the oil for the bearings 
und sea : A 2000-gallon emergency tank 
supplies bearing oil for a period long enough to shut down the 
fails for any reason. 


: PUMPING SYSTEM, 


ana a ‘ g pressu pump 





nachine ormal oil supply 















MEZZANINE FLOOR of test pit is location for bearing and seal oil 
strainer, air-operated back pressure valve and hydrogen detraining 
tank. Hydrogen picked up by the seal oil is released in the detrain- 
ing tank before the oil is returned to the sump. 
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SHOP AIR and nitrogen supply manifolds used in conjunction with 
emergency oil supply are mounted overhead. Cylinders containing 
nitrogen are not shown. Nitrogen gas will be used when pressures 
higher than shop air pressure are needed for emergency shutdown. 







DISTRIBUTION PANEL has watertight enclosed starters and pilot 
devices because a water spray fire-protection system is used. Motors 
in pit operate on 480 volts, but control power is supplied by 
480/110-volt control transformers in trough below the switches. 
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Regulators vs. 
Switched Capacitors 


by R. D. OKERBERG 
Transformer Department 
Allis-Chalmers Mfg. Co. 


INCE FEEDER VOLTAGE REGULATORS or 
switched capacitors are the devices most likely to 
determine actual users’ voltages, their proper appli- 

cation is a major factor in economic electrical power dis- 
tribution. 


Any corrective device must be inoperative within a cer- 
tain region or “dead band” to prevent hunting or over- | 
correction. The size of this dead band, usually called band 
width, is a measure of the usefulness of the corrective 
device. The majority of feeder voltage regulators manu- 
factured today have small ¥ percent steps and accurate 
controls capable of maintaining voltages within plus or 
minus 1 percent of a predetermined value. The band 
widths of voltage controlled switched capacitors are usually 
considerably larger. To keep switching and control costs 
within economic limits, it is necessary to switch capacitors 
in relatively large increments. Band widths of 4 and 5 
percent or greater result. Differences in band width can 
be evaluated by determining the amount of load or length 
of line which can be regulated. 


Examining a section of a distribution system in which a 
certain tolerance has been set between the highest voltage 











Do regulators belong hen 


allowable on the first distribution transformer and the low- 
est voltage allowable on the last distribution transformer 
may reveal a voltage profile similar to that shown in Fig- 
ure 1. The band width in this case is shown as BW,. 
Note that the sum of the band width (BW ,) and the 
voltage drop (1,Z,) must equal the voltage tolerance al- 
lowed (V max—V min). Figure 2 shows the voltage 
profile of the same system but with a narrower band width 
(BWe.) and a larger voltage drop (I2Z2) so that the 
point of lowest allowable voltage is at the same distance as 
in Figure 1, where Dz equals Dy. 


How much more load can the system in Figure 2 carry ? 


Since the sum of the band .width and voltage drop in 
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each system must equal the voltage tolerance, the sums 
must be equal and can be equated. 
BW, +2; = BW2+[cZe 
Since D, Ds 
then A= Fs 
; BW, — BW 2 
and Is I, —— 
Also BW, +2, V max — V min 
Dividing the two equations: 
lo — 1; BW, — BW. 
ho V max — V min — BW, 











FIGURE 3 


Multiplying by 100 to change to percent and putting 
the above into words we find: 

























Percent load increase = 
(Original band width — New band width) x 100 
Voltage tolerance — Original band width 





To show how appreciable this can be, substitute some 
values in the above for a system with a 10 percent voltage 
tolerance when the band width is changed from 4 to 2 

4—2 
percent. The possible load increase equals7) 4X 100 
or 33.3 percent. The curves of Figure 3 show the increased 
loads possible when band widths are reduced to 1% per- 


cent or two ¥ percent steps. 


Feeder loads may not always increase on a given feeder 
length as previously discussed, but may be increased by the 
extension of the feeder. Again this can be made possible 
by a narrower band width, although a different expression 
is needed for the amount of increase permissible. To de- 
termine how much Dz can increase, let Dz increase, pick- 
ing up additional distributed load until the voltage reaches 
the minimum allowable V min. 


In this case assuming equally distributed load, the cur- 
rent J; is proportional to the distance D, as is the imped- 
ance Z,, so that the voltage drop 1,Z, is proportional to 
the distance D, squared. Likewise, the voltage drop I2Z> 
is proportional to distance D. squared. We can then write: 


D.” IZ. _ V max—V min— BW 


D;* sa 1,Z, = V max — V min— BW, 


Dz =a Fa 


D, V max — V min— BW, 














And subtracting 1 from both sides of the equation: 
D.,—D, _ |V max—V min— BW, 
D, YVmax—Vmin—BW, 
Increase in feeder length 


__ _| Voltage tolerance — New band width _ 
Bs tae tolerance — Old band width 

















ORIGINAL BAND 5% 
8 — 5/8% STEPS 
4-1-1/4% STEPS 


ORIGINAL BAND3-3/4% 
6—5/8% STEPS 
3 — 1-1/4% STEPS 


ORIGINAL BAND2-1/2% 
4 — 5/8% STEPS 
2 -— 1-1/4% STEPS 


PERCENT CAPACITY INCREASE 
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TABLE | 
Equi-Cost Distances for 10 Percent Voltage Correction on Distribution Circuits 
with Voltage Regulators or Capacitors | 
Shorter distances favor regulators, longer distances favor capacitors 
THREE-PHASE EQUI-COST DISTANCE THREE-PHASE EQUI-COST DISTANCE 
VOLTAGE CIRCUIT KVA IN MILES VOLTAGE CIRCUIT KVA IN MILES 

2500 500 1.4 7620 2000 4.0 
2500 750 1.3 7620 2500 4.2 
2500 1000 1.4 7620 3000 3.9 
2500 1500 0.6 7620 3750 3.8 
2500 2000 0.6 7620 5000 3.4 
2500 2500 0.6 7620 6000 3.1 
2500 3000 0.5 7620 7500 2.8 
4330 750 2.7 8660 750 8.6 
4330 1000 2.5 8660 1000 8.1 
4330 1500 2.8 8660 1500 9.1 
4330 2000 1.5 8660 2000 5.3 
4330 2500 1.5 8660 2500 5.2 
4330 3000 1.4 8660 3000 49 
4330 3750 1.4 8660 3750 45 
4330 5000 1.2 8660 5000 4.2 

8660 6000 ‘ 39 
5000 750 4.2 8660 7500 3.3 
5000 1000 46 
5000 1500 2.0 12,470 750 14.6 
5000 2000 1.8 12,470 1000 16.3 
5000 2500 1.9 12,470 1500 14.8 
5000 3000 1.9 12,470 2000 16.0 
5000 3750 17 12,470 2500 16.9 
5000 5000 1.6 12,470 3000 9.3 
5000 6000 1.4 12,470 3750 10.3 

12,470 5000 9.2 
7620 750 9.0 
7620 1000 77 12,470 6000 8.5 
7620 1500 8.7 12,470 7500 77 




















The curves of Figure 4 show the possible increase in 
feeder lengths with additional distributed load when vari- 
ous band widths are reduced to two ¥% percent steps. 


A voltage regulator can only improve or correct voltage 
conditions at or beyond the regulator. Capacitors, on the 
other hand, by changing power factor and kva influence 
voltage conditions both before and after the point of in- 
stallation. Figure 5 shows the full-load voltage profile of 
a uniformly loaded distribution feeder with a voltage regu- 
lator installed at the midpoint. Figure 6 shows the full-load 
voltage profile for the same feeder with voltage controlled 
capacitors installed at the midpoint. Whether the profile 
with the regulators or capacitors is better will depend to a 
large extent upon the respective band widths. Evaluation 
can be made between the band widths of the two methods 
by the formulas or Figures 3 and 4. 


As mentioned before, the voltage change by capacitor 
control is effected by changes in the power factor and kva 
of the circuit. The majority of such installations have been 
on relatively low voltage high current feeders where 
changes in reactive drops can have a large effect. As dis- 
tribution voltage increases and currents and conductor 
sizes decrease, however, changes in reactive drop become 
less and less effective. 
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The curves of Figure 7 show the relative voltage drops 
at various power factors for resistance to reactance ratios 
from 1:4 to 3:1. These curves are based on the real part 
of the voltage drop or I (R cos 6+ X sin 6) where R 
is the line resistance, X the line reactance, 6 the power 
factor angle, and J the line current. The relative current 
has been taken as unity at unity power factor and propor- 
tionately increased at other power factors to maintain a 
constant kilowatt load. 


Referring to Figure 7, curve A, for a resistance to re- 
actance ratio of 1:4, which might be typical for a 2000-kva, 
2400-volt feeder, changing the power factor from 0.70 lag 
to 0.95 lag changes the relative voltage drop from 5.2 to 
2.3, a decrease of over 55 percent. For a feeder of the 
same kva at 12,000 volts the resistance to reactance ratio 
is slightly greater than 1:1; and from curve D, Figure 7, 
a change in power factor from 0.70 lag to 0.95 lag changes 
the relative voltage drop from 2.0 to 1.5, a decrease of only 
20 percent. With resistance to reactance ratios as high as 
3:1 (curve G), which may apply to laterals, taps, or 
branches of main feeders, changes in power factor have 
almost negligible effect in changing voltage drops. 


The curves of Figure 7 have been extended to take in 
the range of leading power factors from unity to 0.60. 
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TABLE Il 





POINTS TO CONSIDER 


MODERN REGULATOR 


VOLTAGE-CONTROLLED 
SWITCHED CAPACITORS 





Band width Plus or minus 1 
percent or less 

oe 5 

Step size @ percent 


rcuit power factor Not important 


regulation losses 


Not important 


Unchanged 


Circuit demand 





Losses Unchanged except for 


5 percent or greater 


Usually several percent 


Capacitors may cause 
leading power factor 


Probably reduced* 
May limit effectiveness 
of capacitors 


Probably reduced* 











Losses and circuit demand may be increased if power factor is made sufficiently leading. 








While system stability usually prohibits leading power 
factors on generators, individual feeders may operate occa- 
sionally at leading power factors. It is interesting to note 
that for resistance to reactance ratios of 1:1 and greater, 
it is impossible to get voltage rises until the power factor 
becomes less than 0.70 leading. 

The trend today is toward higher distribution voltages, 
a main reason being the smaller currents and hence smaller 
voltage drops for a given kva load. Because of the higher 


resistance to reactance ratios of such circuits, capacitor in- 
stallations are considerably ‘ess effective. 
As with any engineering decision, the final choice be- 





lators and switched capacitors is often a matter 
Direct comparisons can be made 


tween rez 





of dollars and cents 


only for individual cases where all facts are known, but it 
is possible to reach some general conclusions. Since the 
amount of voltage change or correction by capacitors is 
determined by the amount of reactance through which the 
capacitor current flows, comparisons can be made on the 


basis of feeder length. Very short feeders require a num- 
ber of capacitors, while longer feeders require fewer ca- 


pacitors. Since the cost of a regulator is independent of 
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MINIMUM ALLOWABLE VOLTAGE 


75 100 


FIGURE 5 


feeder length, there is some point on the feeder where the 
cost of voltage regulation by capacitors equals the cost of 
regulation with regulators. For longer circuits capacitors 
would be less expensive, while shorter circuits favor 
regulators. 

For such a comparison the following assumptions are 

made: 

(a) Installed cost of capacitors $6.60 per kva. 

(b) Substation transformer reactance 5 percent. 

(c) Regulator cost for + 10 percent to % percent 
step-regulators, single-phase distribution type or 
three-phase power regulators, plus $500 installation 
charge per single-phase unit and $1,000 per three- 
phase unit. 

(d) Sufficient capacitors required to equal 10 percent 
raise of regulator (10 percent lower of regulator 
ignored ). 

(e) Conductor spacing 30 inches for 2500 and 4330 
volts, 36 inches for other voltages. 


(f) Substation transformers connected to an infinite 


bus. 
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The results of this comparison are shown in Table I. As 
would be expected, the distances are greater for higher 
voltage circuits where the resistance to reactance ratios 
are greater. 


Such a comparison, of necessity, ignores the capacitor 
advantage of reducing kva demand and conductor losses. 
In many cases, the kva of capacitors required is great 
enough to cause leading power factors which might not be 
acceptable. Since only half the regulator range had been 
used and band widths ignored, the comparison is felt to 
be a fair yardstick. 


From the comparisons of Table I it is apparent that for 
substation regulation voltage regulators are more economi- 
cal. For feeders of the listed lengths and longer, capacitors 
enter the picture. When a rough comparison shows initial 
costs to be about equal, the factors in Table II should be 
considered. 


The final decision in many cases should be based on 
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0. 
LEADING POWER 
FACTOR 


which is needed, voltage regulation or voltage improve- 
ment. There are some regulators which do nothing but 
raise the input voltage 10 percent continuously and are 
not really used as regulators. They probably could be re- 
placed by capacitor installations just as well. On the other 
hand, many capacitor installations are used to improve 
voltages where regulation is actually needed. In some 
cases it may be best to use both capacitors and regulators, 
the capacitors being used to improve power factor and the 
general voltage condition and regulators to give close accu- 
rate control of voltage. This is sometimes done by turning 
the capacitors on when the regulator reaches its maximum 
raise position. The capacitors then remain on until the 
regulator reaches its maximum lower position. This is 
sometimes accomplished by using the limit switches in the 
regulator mechanism. Such installations gain the benefits 
of a reduced kva and losses possible with capacitors, and 
the narrow, accurate plus or minus 1-volt band width of 
modern voltage regulators. 
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NOUS CONDENSER the exciter enclosure of this 50,000/21,000-kva 13,800-volt 
of power at a 720-rpm machine. Built-in rail and chain hoist make 
motor loads. easy work of capping the massive bearing pedestals with- 
project into in the thick shell that seals hydrogen in — weather out. 
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AUXILIARY 
DRIVE MOTOR 


Keeps Pace with 
Modern Power 





by C. D. LAWTON 


Motor and Generator Section 
Allis-Chalmers Mfg. Co. 





Typifying the influence of power plant 
design and operating procedures on 
auxiliary drive motors is this new 
boiler feed pump motor. 


higher temperatures, and higher boiler pressures 

in modern generating stations have had their effect 
on power plant auxiliaries. As a result of these trends — 
and advanced thinking toward improved reliability — ease 
of operation, low sound levels, proper lubrication, mini- 
mum vibration, neat appearance, and convenience during 
installation and maintenance are design considerations that 
have acquired additional significance. 


“\STABLISHED TRENDS toward higher ratings, 


An example of how these trends are reflected in auxil- 
iary motors is the completely redesigned, standard drip- 
proof, two-pole squirrel-cage induction motor shown in 
Figure 1. This motor incorporates many new features es- 
pecially important for boiler feed pump and other services. 


Some of the problems encountered in operating two- 
pole motors have centered around the bearings — pri- 
marily the result of oil leakage and vibration. While vibra- 
tion has been effectively minimized as a trouble source by 
designing all 3600-rpm motors with critical speed safely 
removed from operating speed, a wide variety of bearing 
arrangements and seals have been applied with varying 
degrees of success. 


Overlubrication can be a source of oil leakage. Too 
much oil floods motor bearings and breaks down the oil 
seals. For this new motor, the capsule-type bearing used 
so successfully on slower speed motors has been redesigned 
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HOUSEKEEPING PRACTICES in power plants guided 
the location of air intakes and exhausts. (FIGURE 1) 


for high speed operation. This bearing, shown in Figure 2, 
assures adequate oiling without flooding or leakage. 


Oil flow important 

Lubricating oil is introduced into the bearings below the 
centerline. A small orifice in the incoming line, just inside 
the bearing housing, limits the flow of oil to approxi- 
mately half a gallon per minute at about five pounds pres- 
sure. If higher pressures are necessary, this orifice helps 
maintain constant oil flow and prevents flooding. 


After passing through the orifice, the oil flows into a 
relief at the side of the bearing, then spreads out along 
the bearing surface. About 80 to 85 percent drains into 
the oil reservoir before reaching the shoulders at the bear- 
ing ends. Oil slingers on the shaft and labyrinth seals on 
the bearing housing prevent oil from getting beyond the 
seals. 

Oil vapors are sometimes present in the bearing housing 
between the bushing and the interior of the motor. The 
seals prevent these vapors from escaping. Sometimes, due 
to misadjustment when bearings are reassembled in the 
field, oil vapors may leak out of the housing. Anticipating 
this possibility, the bearing housing has been designed to 
provide atmospheric pressure relief so that oil vapors can- 
not progress farther into the machine. In addition, pres- 
surized air from the motor’s fan region is directed into a 
chamber around the shaft, passes through an annular seal 
into a second chamber, and vents to atmosphere. The con- 
stant flow of air positively prevents any oil vapors from 
getting beyond the atmosphere-vented chamber. 


Differential pressures relieved 

Although high speed motor bearings are designed for 
forced lubrication, oil rings are provided for emergency 
operation. The action of the oil rings can be observed 


Allis-Chalmers Electrical Review * First Quarter, 1954 





~~ mA A he me me 


. re eee ee ee 


i? ot ~ i Bede « Ea 2 


Ye 











To insure that no oil vapor escapes, 

with sight glass plugs for visual 
The bearing enclosure is vented to the atmos- 
phere by a breather, similar to those used for automobile 
crank cases, located on the top side of the bearing. When 


through sight ports. 


these ports are sealed 


inspection 


attempting to pass through the breather, oil vapor con- 
denses and accumulates in meshed copper, and eventually 
flows back into the bearing. No oil vapor can escape from 
the bearing enclosure 

Oil returns to the sump through a separate overflow 
compartment bolted onto the side of the bearing oil reser- 
Proper level is maintained by a weir, and the flow 
of oil is easily observed through a sight glass plug that 
permits looking down into the overflow compartment. 
When the motor is installed, an oil return line of large 
diameter is used to insure that overflow oil is carried away 


voir 


fast enough to prevent bearing flooding. 


Sound level reduced 
As 


modate 


3600-rpm motors have increased in size to accom- 


the greater load imposed by larger boiler feed 
higher pressures, noise has become an increas- 
It is recognized as a factor that 


pumps anda 
ingly greater problem. 
reduces worker efficiency, and as a source of complaint 

near residential areas. 
Since the boiler feed pump motor has the highest sound 
level of all motors in a power plant, it is logical to reduce 


where power plants are located 


the sound level of this motor as much as possible. 

Pract 
rpm squirrel-cage motor. Almost all noise is windage, the 
greater portion coming from the rotor fan. By reducing 
the noise at the point of generation, much lower sound 


ically no magnetic noise is developed in a 3600- 


levels can be accomplished To reduce the amount of fan- 





generated noise, fans have been changed from axial flow 


propeller type to centrifugal type. 


If air inlets are placed opposite the rotor fans, noise can: 
come straight out into the motor room, and sound absorp- 
tion is difficult to accomplish. To hold sound level down, 
the air inlets must be located away from the fans. A sec- 
tional view of this new motor, Figure 3, shows that fan- 

enerated noise must follow a lengthy path of obstructions 
before reaching the air intakes. This long passage permits 
sound-deadening and sound-absorbing materials to be used 
where necessary. In addition, air baffles are of the spun 
type, and have no sharp-cornered joints or sections that 
can generate sound. 

These design changes have resulted — depending upon 
motor size — in a noise level 6 to 10 decibles lower than 
possible with previous designs. Since a drop of three 
decibles means noise level is cut in half, the noise reduc- 
tion has obviously been large. 


Spiral ventilation cools motor 

Air passages within the rotor and stator structures have 
also been modified to reduce windage noises and improve 
ventilation. The rotor is made up of circular keyed lami- 
nations mounted directly onto a forged shaft, and is a solid 
structure without ventilating ducts. The stator core, how- 
ever, is designed for the circulation of air in a manner 
called “spiral ventilation.” 

Spiral ventilation has been used successfully on large 
steam turbine generators since 1937. In the spirally ven- 
tilated motor, that portion of the yoke behind the core is 
alternately divided into air intake and exhaust compart- 
ments. Depending on motor rating, from 8 to 12 intake 
and an equal number of exhaust compartments are used. 
See Figure 4. 

Cooling air from the rotor fan passes across the stator 
coil ends before entering the air intake compartments. It 
is then directed through I-beam spaced vent ducts that 
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CAPSULE-TYPE BEARINGS are lubricated by oil under pressure and by oil rings. 


Upper half of moter end shield can be removed without opening bearing. 


(Figure 2) 
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divide the stator core laminations into a series of packets. 
Air passing through these spiral ducts cools the adjacent 
stator lamination packets and alternate groups of stator 
coils, then enters the air gap to absorb heat from the rotor 
before spiralling outward to the exhaust compartment. 
This type of ventilation also reduces noise. 


Electrical parts are mechanically strong 
The squirrel-cage winding has a very special and interest- 
ing design. The end rings are forged bronze to obtain a 
structurally strong material without flaws. Rotor rods are 
of oxygen-free high conductivity copper to prevent em- 
brittlement while being silver brazed into the end rings. 
This is an extremely vital point in the design of these 
motors, and extra care and attention is given the end ring 
construction because cracking and breaking of brittle rod 
sections and end rings would be disastrous in service. On 
motors rated 2250 hp and larger, a steel retaining ring is 
placed over the entire end ring assembly, and a special 
steel balancing ring bolted on. Consequently, the rotor 
structure is not weakened mechanically by drilled holes 
necessary for balancing. See Figure 5. 

Dewdrop-shaped rotor rods have the lip milled off at 
the ends to fit into round holes in the end rings. There is 
no open rotor rod slot section in the end ring assembly. 


Rotor rods cannot become loose, and once the silver braz- ' 


ing is finished, the end ring assembly is practically inde- 
structible. The entire end ring structure is mounted on a 
spline and moves back and forth when heating and cooling. 

Rotor rods have a drive fit in the rotor laminations, 
binding in the center of the rotor core. Because of this 
construction, all expansion is outward from the center, 
and distorted binding cannot occur in the squirrel-cage 
structure. A large retaining nut is screwed onto the shaft 





INCOMING EXHAUST 
AIR AIR 





PRESSURIZED AIR DUCT 





AIR 
BAFFLE 


|-BEAM 
SPACERS 








outside of each end ring assembly and tightened to secure 
the entire structure without binding or distorting the core. 


Two classes of insulation used 
Since boiler feed pump drives and other usual applications 
of large two-pole motors must be highly reliable, modified 


-Class B insulating material is used for stator coils of mo- 


tors rated 1250 hp and above to assure longer life. The 
slot portion has an outside layer of asbestos tape, hot 
pressed to slot size, to protect the coil structure against 
abrasion. Class A materials are used for the coil ends, and 
the joint between Class A and B insulations is accom- 
plished by interleaving the materials over a 3-inch spread. 

Class B material extends about an inch beyond the slots 
before any Class A materials are introduced. This is done 
because the coil end turns are located directly in the path 
of cool air coming from the fan, while the slot portion is 
subject to heating in the deep stator cores. 

Cast brass brackets are used to brace the end turns on 
larger machines, while insulated brass rings are used for 
smaller ratings. Each coil is double laced and braced, and 
each coil side is laced to its adjacent coil side, with spacers 


placed between them. This method of lacing and bracing , 


assures many years of service on installations employing 
full voltage starting. 


Power plant practice influences design 

Several design changes have been made which make this 
new two-pole squirrel-cage induction motor more con- 
sistent with modern power plant operating practice. For 
example, in housecleaning powerhouse basements, the 
usual location for boiler feed pump motors, floors are 
cleaned by playing water hoses directly on the floor. Water 
cannot splash into the air inlets of this new motor because 
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they are located on top of the machine and protected by 
drip or splash-proof grilles. Being off the floor, air intakes 
do not suck in dust and dirt. However, if the motor is to 
be placed in a consistently dirty location, intake grilles can 
be replaced with filters. The high location of air outlets 
prevents discharged air from blowing onto personnel. A 
steel plate all the way across the bottom protects the in- 
terior from water and dirt that might get in from under- 
neath the yoke. 


To simplify routine maintenance and inspection pro- 
cedures, the upper half of bearing support plates can be 
removed for access to the interior of the motor without 
opening the bearings. Not only is there less mass to 
handle, but bearings that are operating properly can be 
left alone. This permits inspection and maintenance with- 
out exposing the interior of the bearing to dust and dirt 
usually in the air during periodic maintenance checks. The 
bearing end plates are thick sections of flat boiler plate 
steel and cannot wedge or bind the bearings when being 
bolted to the yokes. 


In modern power plants, a great deal of attention is 
being given to the appearance of equipment. Consistent 
with this trend, this newly designed two-pole machine has 
smooth lines, devoid of appurtenances attached to the sides 
of motors. Even the attachment of stator lead terminal 
boxes to the outside of the motor is unnecessary. All leads, 
oil pipes, stator temperature detector terminal boards, and 
the like can be hidden. Access to them is gained through 





CENTRIFUGAL FAN construction, bolted on balancing ring and 
retaining ring are visible on this 3000-hp motor rotor. (FIG. 5) 







COOLING AIR from centrifugal 
fan enters air intake compart- 
ment cpenings, as shown by 
large arrows. These compart- 
ments become pressurized, forc- 
ing air (small solid arrows) 
through ducts formed between 
stator lamination packets by 
I-beams. Air then enters gap be- 
tween stator and rotor and is ex- 
hausted through ducts, as shown 
by broken arrows. (FIGURE 4) 


a plate on the side of the motor. There is more room for 
installation and maintenance with the leads arranged in 
this manner than if a terminal box is used. 


Problems of installation, operation, and maintenance of 
auxiliary motors in modern power plants have all had a 
strong influence on this new machine. For example: 


To insure successful operation, motors are balanced at 
the factory to within .001l-inch vibration at operating 
speed. 

Since it is usually desirable to have magnetic center 
located when motors are being installed, magnetic center 
is determined by measurement from the shaft shoulder to 
the bearing oil guard and indicated on an instruction plate 
attached to the bearing. This information is valuable 
when adjusting couplings and aligning machinery. Rota- 
tion plates relative to phase sequence and bearing insula- 
tion plates are furnished for convenience in installation 
and maintenance. 


The requirements of modern power plant design and 
operating procedure have materially guided the design of 
this motor. Since 3600-rpm squirrel-cage motors are 
usually among the most important auxiliary drives in any 
plant, requiring the utmost in reliability and service con- 
tinuity, careful attention has been given to design details 
that will assure many years of uninterrupted service. While 
these details apply to only one type motor, other types 
undergo the same engineering treatment to aid in the 
progress of modern industry. 
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SMOOTH AND LOW in silhovette —smooth in operation — this 
75-mw, double-flow side-crossover tandem reheat turbine on the lines 
of Wisconsin Power and Light Company is the prototype of reheat 
units to 200 mw — all with supercharged hydrogen-cooled generators. 














lon Exchange — 
Electrochemistry’s 


New Frontier 





by T. L. PANKEY 


Engineer-in-Charge, Sales 
Water Conditioning Section 
Allis-Chalmers Mfg. Co. 


Almost daily, industry is finding new and 
wider uses for these basic principles. 


ON EXCHANGE is a chemist’s term for a process that 
is to a great extent electrical in character. In this 
process, positively or negatively charged ions are ex- 

changed to separate a substance from a solution. 


Although this process is most familiarly known as an 
efficient and economical means of softening water for 
boiler make-up and domestic use, its applications are con- 
stantly being expanded. Metal platers, for example, use it 
to recover expensive metallic salts and to conserve water. 
Many other industries, especially those requiring com- 
pletely demineralized water for steam and process use, are 
already using ion exchange and new applications are con- 
stantly being made. 


Commercial installations of ion exchange equipment 
are based on the law of chemistry which states that nearly 
all acids, bases, and salts, when in solution, are disassoci- 
ated into ions, which are atoms or groups of atoms carrying 
an electrical charge. Accordingly, ions of metallic elements 
have a positive charge and other elements a negative 
charge. Consequently, the former are called cations since 
they will migrate to a negatively charged plate or cathode 
and the latter are called anions since they are attracted to 
an anode. 


lon exchange principle explained 

The ion exchange principle, used ever since ancient Greeks 
passed saline water through crushed rocks to make it pot- 
able, was not understood until the end of the last century. 
Then two English agricultural chemists, H. S. Thompson 
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ION EXCHANGE EQUIPMENT installed at a midwestern industrial 
plant for purifying contaminated chromic acid anodizing solution. 


and J. T. Way, found that if certain soils were soaked in 
solutions of ammonium salts, the solutions lost ammonium 
and acquired calcium. They inferred that the calcium ions 
in the soil interchanged with the ammonia ions in solution. 


This inference was based on the premise that the soil 
combined with ions having a positive charge and that only 
positively charged ions were interchanged. Thus, as the 
soil holding the calcium ions.was saturated with an excess 
quantity of ammonium salt solution, positively charged 
ammonium ions would replace the calcium ions. As cal- 
cium ions were freed, they became a part of the solution. 


Investigation of soils having the peculiar ability to trade 
ions was continued and chemists in Sweden discovered 
that a family of minerals — complex compounds of alu- 
mina, silica, and alkaline earths called zeolites or greensand 
— were especially capable of trading cations. However, 
no application was found for the discovery until after 
1900, when a German, Robert Gans, softened water by 
passing it through zeolites. 


He determined that the process removed calcium and 
magnesium ions responsible for hardness and replaced 
them with sodium ions until the supply of sodium ions 
held by the zeolite became exhausted. He also discovered 
that zeolites could be regenerated after they became ex- 
hausted by passing a sodium salt brine through them. 
Consequently, zeolite could be reused and the cycle re- 
peated many times. This fact, he concluded, made the use 
of zeolite for water softening practical, since it eliminated 
handling large amounts of zeolites. 


By 1930 this application was commercially exploited 
and widely used to soften water for boiler make-up, for 
domestic use, for commercial laundering and other 
processes. 


Applications were limited because of the rather moder- 
ate capacity of natural zeolites. Also, natural zeolites are 
unstable at high temperatures or in highly acid or alkaline 
water. 
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SYNTHETIC ZEOLITE looks like 
sand, with each particle or bead 
a nearly perfect sphere. (FIG. 1) 


Synthetic zeolites developed 

Research to overcome the limitations of natural zeolites 
was begun in the 1930's, coincident with the development 
of new types of plastics. Efforts were directed toward 
developing plastic resins or synthetic zeolites that would 
have a greater capacity for exchanging ions while resisting 
oxidation and high temperatures. As a result of this re- 
search, many different high capacity resins for both cation 
and anion exchange were developed. 


Accelerated research during World War II was centered 
around the sulfonic acid type exchange resin utilizing 
polystyrene as a base to form an insoluble cell or ionic 
grouping having large capacity for ion exchange. Ex- 
periments with these resins led to many of today’s ion 
exchange applications. These resins, illustrated in Figure 1, 
made the treatment of electroplating wastes possible be- 
cause they could resist oxidation by the acids. 


Softening water with ion exchange 

Ion exchange can be illustrated by using the domestic 
water softener operating on the sodium cycle as an ex- 
ample. The purpose of the process is to remove calcium 
and magnesium from the water, since they prevent the 
proper action of soap in the bath and laundry and form 
the crust in teakettles. The ion-exchange reaction is con- 
ducted in a container resembling a pressure filter. 


Raw water, containing calcium and magnesium ions, 
flows slowly through the resin bed holding sodium ions. 
As water contacts the resin, calcium and magnesium ions 
are replaced by sodium ions from the resin and the effluent 
is soft water. This process is illustrated .in Figure 2. When 
the resin bed approaches exhaustion its ion exchange 
ability falls off sharply, as indicated in Figure 3, and the 
process is stopped and the zeolite regenerated. After back- 
washing it to remove any suspended material and to loosen 
the resin bed, a strong solution of sodium chloride is 
passed through the resin bed, and sodium ions replace 
calcium and magnesium ions which form salts that are 
discharged to drain. Following this, the resin is rinsed, 
and is ready to begin the cycle again. 


Water can be demineralized 

Instead of using a sodium regenerated resin for the process, 
a resin charged with hydrogen ion may be used. In this 
case the resin is regenerated by passing a dilute solution 
of acid through it. This cycle, which produces an acid 
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effluent, is paralleled with sodium zeolite softening to pro- 
duce boiler feedwater of low alkalinity. The cycle, indi- 
cated in Figure 4, can also be used in conjunction with an 
anion exchange process to demineralize water. The process 
so thoroughly demineralizes water that it is, chemically, as 
pure as triple distilled water. 


For the demineralization process, the effluent from the 
cation exchange unit is made to flow through an anion 
exchange bed. Consequently, positively charged ions are 
exchanged .for hydrogen ions in the cation bed and the 
negatively charged ions are exchanged for hydroxyl ions 
in the anion bed. The final effluent is, therefore, pure 


water, since the hydrogen ion and the hydroxyl ion com- . 


bine to form water. Upon exhaustion, the cation bed is 
regenerated with acid, either sulfuric or hydrochloric, and 
the anion bed is regenerated with soda ash or caustic soda. 


Original applications of this process utilized “weak 
base” anion exchange resins and were limited because of 
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THE SODIUM ZEOLITE process is illustrated. (FIGURE 2) 
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AN ION EXCHANGE BED loses its ability to exchange 
ions rapidly when it approaches exhaustion. (FIGURE 3) 
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ION EXCHANGE used for demineralizing water. (FIGURE 4) 





inability of the resins to remove silica and carbon dioxide. 
Both are undesirable in boiler make-up water. Silica car- 
ries over in the steam and coats pipes and turbine blades 
with a hard glass-like deposit. Carbon dioxide is corrosive. 


Development of a “strong base” type of anion exchange 
resin corrected that limitation, and now it is possible to 
remove all dissolved minerals, including silica, as well as 
carbon dioxide to values consistently as low as 0.1 part per 
million parts of water. 


industrial applications are widespread 

With this demineralization process, raw waters of moder- 
ate salt content can be made chemically pure at a fraction 
of the cost of distilling water to identical purity. As a 
result, this process is used to supply pure water for indus- 
trial processes when the use of distilled water would be 
prohibitively expensive. See Figure 5. 


For example, one manufacturer had difficulty obtaining 
an oxide film on aluminum parts that would resist corro- 
sion when undergoing a severe salt spray test. Investiga- 
tion showed that impurities in the anodizing rinse water 
prevented the film from making a uniform seal. Distilled 
water would have made this anodizing operation very ex- 
pensive. lon exchange to demineralize the rinse water was 
tried and proved completely successful. Not only was the 
rejection rate cut from near 70 percent to almost zero, but 
the rinse water was reused after removal of acid carry-over 
from the anodizing tank. Savings realized from this ap- 
plication amortized equipment costs in less than a year. 


Applications of ion exchange resins to plating waste 
problems have been equally successful. One or more of 
four principal purposes are served by the application: 
(1) reduction of power requirements, (2) conservation 
of water, (3) reclamation of material, and (4) avoidance 
of stream pollution. 


Improved product quality is one of the most important 
benefits of ion exchange when applied to plating opera- 
tions such as anodizing and chrome plating. 

Now under study is a method of using ion exchange to 
regenerate pickle acids used in the steel industry. When 
perfected, over a million tons of iron and great quantities 
of acid now lost each year will be recovered by this process. 


Perhaps of even greater importance, with restrictions on 
water usage resulting from dire shortages in many com- 
munities, is the application of ion exchange to industrial 
waste problems to recover usable water. 


Manufacturers have been forced to find ways of reduc- 
ing water consumption in their plants. To solve the prob- 
lem, plant engineers have investigated water uses to deter- 
mine more efficient usage of water. These studies, in many 
cases, have indicated applications of ion exchange equip- 
ment which would provide means of treating water so that 
it could be reused. These applications also ease the load on 
sewage systems. An eastern manufacturer was able to save 
a large quantity of water by ion exchange purification of 
plating rinse water. Typical of this type of application is 
the use of ion exchange to reclaim chromic acid from an 
anodizing process, as shown in Figure 6. 
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lon exchange has also been used successfully for sepa- 
rating and concentrating rare earth ores for atomic re- 
search and m isolating Thorium 230. The separation of 
these materials by this process is claimed to be the only 
practical means by which it could be accomplished. 

A recent development in the field of ion exchange is the 
use of resin-impregnated membranes that can be used for 
separation of salts from solutions. Research on the appli- 
hese membranes is underway and one of the uses 
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that shows promise is the treatment of sea water in large 
volumes so that it can be used for irrigation. A means of 
obtaining irrigation water from sea water is badly needed 
by farmers in many arid districts throughout the world. 

Exactly what the future holds for these resins that trade 
ions is impossible to predict. Applications made so far 
may prove to be only a sampling of their commercial pos- 
sibilities as the process of ion exchange becomes more 
widely understood. 


TOTAL SOLIDS Iti GRAINS PER GALLON AS CaCO, 
GRAINS OF SOLIDS per gallon of water determine whether ion exchange 



































or distillation is the more economical way of purifying water. (FIGURE 5) 
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FIGURE 6 


THE ABOVE DIAGRAM illustrates the arrangement of an ion 
used to purify a chromic acid anodizing bath. The 
> equipment is to remove the aluminum transferred 
the anodizing 





exchange 1 
purpose 
to the ba 
In th rocess, aluminum parts are immersed in a chromic acid 
ough which an electric current is passed. The aluminum 
becomes coated with an oxic le film which is resistant to corrosion. 





process 





During this process, some aluminum goes into solution in the 
chromic acid; this causes an uneven deposit of oxide film and the 
nount of electrical current required increases. 
Contaminated chromic acid cannot be dumped to sewer, since 





Costly chemicals are frequently added to. pre- 
by-product recovery and to permit putting 


it is highly 


cipitate chromiu": for 


the water to sewer. This precipitation Process is not economical 
in use of chromic acid nor does it maintain purity of the anodiz- 
ing bath at a constant high level. 

In the ion exchange process, the anodizing bath is regenerated 
by removing aluminum oxide which has been transferred to the 


bath. This is accomplished by pumping chromic acid from the 


anodizing tank through the cation exchange resin back to the 














anodizing tank. As liquor flows through the resin, aluminum ions 
are retained by the resin and hydrogen ions are released. The 
aluminum is reduced to a point where the liquor is as effective as 
a fresh solution. 

The process may be arranged to purify the chromic acid on 
weekends or at night to prevent interference with regular produc- 
tion schedules. It may also be arranged for continuous purifica- 
tion with periodic regeneration of the resin. 

Raw water is pumped through the resin from the bottom to the 
top to displace chromic acid and loosen the bed and is discharged 
to the anodizing tank. Following this, a solution of sulphuric 
acid is pumped from the dilute acid storage tank to the bottom of 
the exchange tank. It flows upward through the exchange mate- 
rial and out through the inlet system to discharge to waste. In 
flowing through the resin, hydrogen ions from the acid replace 
aluminum ions which were retained by the resin. As a result, the 
resin regains a charge of hydrogen ions and aluminum ions are 
discharged 

The next step is a rinse with raw water, from bottom to top, to 
waste, to flush the resin, leaving it in its original condition. 
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> 


by CARL E. MERCIER 
Switchgear Dept. 
Allis-Chalmers Mfg. Co. 





Modern design and test techniques assure 
high dielectric strength and long 
insulation life in today’s switchgear. 


HERE ARE FOUR different types of high volt- 

age tests used to assure high dielectric strength 

and insulation security in modern switchgear. 
These tests are 60-cycle corona, impulse, 60-cycle high 
potential, and radio noise. Corona testing is the most 
fascinating of these four tests. 


Corona, which is an ionization of the dielectric material 
surrounding a conductor, occurs when the insulating mate- 
rial is overstressed by a high voltage. In switchgear the 
danger of corona is most likely to be found in the air 
adjacent to high voltage buses, bushings, and locations 
where small air gaps are present. 


Corona can be very destructive because it produces 
oxygen in the free state and various nitrogen compounds 
which readily attack lead-covered cable, causing it to 
powderize into lead oxide and basic lead nitrates. Copper 
and silver are also attacked. This condition can be particu- 
larly serious on silver-plated contacts where corrosion can 
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RADIO INTERFERENCE FILTER NETWORKS are not nec- 
essary in modern switchgear where all of the components 
have been carefully tested to eliminate corona interference. 


increase the contact resistance and cause excessive heating. 
Corona produces nitric and nitrous acid when moisture is 
present in the air. This acid condition not only causes cor- 
rosion of most metals, but also rapidly deteriorates insula- 
tion. High temperatures or hot spots developed by corona 
accelerate the aging of insulation, which in turn lowers di- 
electric strength. Corona, if present in switchgear, produces 
an undesirable high frequency signal which may travel long 
distances over transmission lines and interfere with radio, 
radar, and television reception. Since corona consists of 
random frequencies, it is very difficult to filter from trans- 
mission lines. The only method that can be used to elimi- 
nate this type of interference is to eliminate the source of 
corona. Extreme care is taken in the insulation of switch- 
gear bus and other high potential components to elimi- 
mate corona. Figure 1 shows a shielded bus joint being 
assembled. 


Corona eliminated ; 
There are a number of methods that can be used to elimi- 
nate corona: 

. Increase spacing. 

. Improve geometric configuration. 


Ww Ne 


. Provide shielding. 
4. Improve voltage distribution. 


5. Eliminate air gaps, either electrically or mechanically. 


Since corona in air is an ionization of the air caused by 
a voltage high enough to exceed the critical gradient of 
the air gap, the first logical step in eliminating corona is to 
increase this air gap. The air gap size for a required 
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corona level depends on the geometric configuration. The 
curves of Figures 2, 3, 4, and 5 show the effects of spacing 
for four basic configurations with relation to a plane: a 
plane, a sphere, a corner, and a cylinder. 


Since space requirements often make it impossible to 
increase the size of the air gap, design engineers find it 
necessary to resort to other methods of decreasing the stress. 
One method, a change in geometric configuration of the 
levice, has an important effect on the voltage stress across 
in air gap. Data taken from the curves of Figures 2, 3, 4, 
and 5 show the effect of geometry on a 1-inch air gap. 

[he data in Table I show the effectiveness of changing 


the geometric conhguration 





many cases, minor configuration revisions will result 


MN a major improvement in corona level. Generally, it is 
good design practice to round off sharp corners on con- 
ductors that might undergo high voltage stress. Figure 6 
shows how an insultor was redesigned to raise the corona 
level Dy im roving the terminal geometry. 

Another method used to eliminate corona is by applying 
shields around conductors that have high stress points. 
Since it is usually cheaper to resort to geometry correction, 
shielding is not used too often. However, there are some 


economical applications of a shield on a high voltage bus 
bar T-joint. The shield is placed over the hardware in 
order to eliminate the high stress points at the threads and 
corners on the hardware. The shield is used in conjunction 
with a high dielectric strength insulating boot. Figure 7 





The shield raises the corona level from 23 kv to 


96 kv for a l-inch spacing. 


Dielectric constant is key to corona 
Usually, complicated configurations can be broken down 
into an equivalent circuit. The equivalent circuit of an 





NEOPRENE BOOT with metal shield greatly simplifies bus 
nstallation or changes, and provides a high corona level 
for 1200 and 2000-amp, 5000-volt bus joints. (FIGURE 1) 
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TABLE | 
Kv Corona Voltage 
Geometry with 1-inch Air Gap 
0° Corner ; 5.4 
90° Corner 7 
1%," Dia. Sphere 26 
14” Dia. Sphere 35 
4” Dia. Cylinder 35 
1” Dia. Cylinder 42 
Plane 51 
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insulated conductor could be a simple series capacitance 
circuit. Since the dielectric constant is known for the in- 
sulation being used, it is easy to calculate the impedance 
of each capacitor. The voltage distribution across each 
capacitor can be calculated as a series circuit. 

The dielectric constant of the insulation in series with 
an air gap determines the voltage distribution. For a 
given air gap in series with a solid insulation, it is prefer- 
able to choose.an insulation with a low dielectric constant 
so that the stress on the air would be minimum. 

Since corona occurs when air is overstressed, it is pos- 
sible to eliminate this corona by eliminating the air gap 
either electrically or mechanically. In eliminating an air 
gap electrically, both surfaces bordering the air gap may be 
coated with a conducting or metalized paint, or metal foil. 
The two conducting surfaces are then tied together elec- 
trically to eliminate the voltage across the air gap. The air 
gap can be eliminated mechanically with a filler, such as 
transformer oil, resin, or petrolatum. 


Corona is detected and located 


Five different methods can be used for corona testing: 
oscilloscope, audible, visual, radio noise, and Schering 
bridge. 

The oscilloscope method of detection of corona is the 
most sensitive of the five methods. A corona setup that 
can be used with the oscilloscope is shown in Figure 8. 
The operation of the circuit is very simple. The low voltage 
side of the potential transformer is excited with a variable 
voltage from a 60-cycle source. The device under test is 
connected directly to the ungrounded side of the high 
voltage winding of the potential transformer. The device 
is placed in series with radio-frequency pickup coil L; and 
a current-limiting resistor Ro. A radio-frequency bypass 
capacitor is placed across the high voltage winding, acting 
as a short circuit to corona frequencies. The coupling to 
the high sensitive oscilloscope is through the small capac- 
itor C,. This capacitor is used to block out part of the 
60-cycle charging current to the oscilloscope. A spark gap 
is used to protect the operator and the oscilloscope from 
high voltages that would be developed across the oscillo- 
scope if pickup coil L; opens or fails, or if the test device 
should fail. This capacitor Cz can be very valuable in 
checking the exact source of corona. Since the potential 
transformer can act as a voltage amplifier for any inter- 
ference occurring on the low voltage side, it is possible to 
feed corona from the power line into the measuring circuit. 
The transformer bypass capacitor C2 shorts out this inter- 
ference and prevents it from feeding into the oscilloscope. 


A check with the oscilloscope can easily be made in 
order to check the corona source. When the corona signal 
appears on the oscilloscope and its amplitude decreases 
when the bypass capacitor C2 is removed, then corona is 
due to the device under test. If corona amplitude in- 
creases, the corona signal is being fed through the trans- 
former. The 60-cycle filter capacitor C; is used to prevent 
overloading of the oscilloscope. It is, however, very valu- 
able to have a small amount of 60-cycle signal feeding into 
the oscilloscope, because it can be used as another check on 
corona location. 
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METAL CORONA SHIELD, shown in Figure 1, added 13 kv to the 
' sula 3 boot without the shield. (FIGURE 7) 
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OSCILLOSCOPE METHOD is the most sensitive means of 
detecting and locating corona in switchgear. (FIGURE 8) 





CORONA shows up on both positive and negative halves 
of voltage wave. R: was used for detection. (FIGURE 9) 





INTERNAL CORONA on high voltage bus is indicated 
on negative wave with R: in circuit. (FIGURE 10) 





PULSE OSCILLATIONS indicate corona when r-f pickup 
coil is used for detection. (FIGURE 11) 
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HIGH POTENTIAL TESTS prove quality of the total insulation 
between conductors and between conductors and ground. (FIG. 15) 


Corona can also be detected visually by running tests in 
a darkened room. This method is good for external corona 
detection only and is not generally used because of its 
limitations. 

The Schering bridge method of detection of corona can 
be very accurate on small samples. The Schering bridge is 
a simple device used for measuring the power factor of an 
insulated specimen. The power factor of a specimen re- 
mains constant below the corona voltage, but as soon as 
corona is developed, the corona loss increases the power 
factor. The corona voltage can be determined very accu- 
rately by plotting a curve of power factor versus voltage. 
The point at which the power factor curve breaks off from 
a straight line represents the corona voltage, or minimum 
corona level. 

On large specimens, where the corona loss may be an 
insignificant percentage of the total loss, the Schering 
method is not sufficiently accurate. Figure 12 is a power 
factor test on an insulated coil to indicate corona level. 


Radio interference checked 

Radio noise tests are run on switchgear to measure the 
amount of corona present at the radio frequencies. The 
present switchgear standards establish interference limits 
in microvolts at one megacycle. The circuit used to meas- 
ure radio noise is shown. in Figure 13. The high voltage 
is applied to the switchgear through a high voltage trans- 
former. A 6300-microhenry choke coil is placed between 
the switchgear and high voltage transformer in order to 
prevent corona from being fed into the noise meter from 
the source of high voltage. A 4000-micromicrofarad ca- 
pacitor is used in conjunction with the 6300-microhenry 
choke in order to short out corona feeding in from the 
source. The series circuit, consisting of the 50-micromicro- 
farad capacitor and the 500-microhenry coil, has two pur- 
poses. The capacitor acts as a 60-cycle block to the line 
frequency, thus eliminating a 60-cycle signal from the 
noise meter circuit. The 60-cycle frequency itself is not 
harmful to the noise meter, but the voltage might be of 
such an amplitude that it would burn out the meter. The 
series arrangement also provides for selectivity. This com- 
bination is resonated at one megacycle. 

The frequency response curve of this circuit is shown in 
Figure 14. When this series resonant circuit is excited 
with a 1-megacycle corona signal, the impedance of the 
series tuned circuit is very low and almost all the corona 
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PARTIAL IMPULSE FAILURE is shown in this test of 
insulation between a conductor and ground. (FIGURE 22) 














INCREASED CORONA LEVEL was obtained through the 
use of increased spacing to ground. Fuse holder mounting 
ring was replaced with an insulated mounting clamp. 


the sleeve with a semi-conducting material. 





SOLID INSULATION was used to eliminate the air gap 
between the coil insulation and ded frame of this 





new design of current tronsformer rated 15 kv. 





CORONA between the bus and its insulating sleeve was 
eliminated electrically by coating the inside surface of 





im most test setups it is very convenient to calibrate the 
circuit with a voltmeter in the primary side of the trans- 
former. Calibration is done with a spark gap voltmeter. 
This instrument consists of a series of current-limiting 
resistors and a calibrated 6.25-centimeter spark gap. Stand- 
ard 60-cycle breakdown curves are available for calibrating 
the sphere gap. Since the humidity has no effect on the 
breakdown of the gap, it is only necessary to correct for 
relative air density when using this curve. 


The high potential test is easy to conduct. It does, how- 
ever, have some limitations which are important for a test 
engineer to keep in mind. These limitations are regulation 
and capacity. The regulation of the test setup is important 
to take into consideration, because it causes the output test 
voltage to vary with loading. Where the regulation is 
poor, direct readings with a spark gap voltmeter are re- 
quired. A serious error that can enter into switchgear 
checking is due to capacity loading of high potential test- 
ing circuits. This phenomenon causes the output voltage 
of a transformer to be increased over its effective turns 
ratio, since it, in effect, increases the turns ratio of the 
transformer. Figure 16 shows a vector diagram of a trans- 
former with capacity loading. It should be noted that the 
excitation voltage (E2) is actually lower than the terminal 
output voltage. This error can occur only when measuring 
high capacity circuits, such as large groups of switchgear 
assemblies, at one time. Resistance loading of a high po- 
tential circuit causes the effective ratio of the high voltage 
transformer to be less than the calibrated ratio. This effect 
is shown in Figure 17. 


impulse test simulates surge conditions 

Switchgear equipment must have a high impulse level in 
order to assure strength against the lightning strokes and 
switching surges reaching the switchgear equipment. 
Switchgear is tested according to standards which require 
an impulse test voltage wave of a specified shape and dura- 
tion. All switchgear above the 600-volt class must pass a 
114 by 40 impulse voltage test. The time required for the 
voltage to start out from zero and reach 95 kv, the maxi- 
mum for 13.8-kv class switchgear, is 144 microseconds. 
The 40 represents the time in microseconds for the voltage 
to reduce to 2 value point at 40 microseconds. 


The impulse testing lab schematic diagram is shown in 
Figure 18. The impulse lab consists of three major parts: 
the high voltage mechanical rectifier, the wave-form form- 
ing and charging network, and the electronic control cir- 
cuit. The wave-form forming network is triggered by a 
spark gap consisting of two spheres which have a built-in 
spark coil. The spark coil initiates the breakdown of the 
spark gap and in turn triggers the wave-forming network. 
This circuit consists of resistors and capacitors. Its princi- 
pal job is to change the stored dc voltage into a 114 by 40 
impulse wave. This is accomplished by charging and dis- 
charging capacitors through resistors at a predetermined 
RC time rate. The impulse voltage is automatically ap- 
plied directly to the specimen under test. 

In parallel with the device under test is a noninductive 
potentiometer. The potentiometer enables a small amount 
of the impulse voltage to be fed directly to the vertical 
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plates of the The oscilloscope is especially 
designed for high voltage work and has special sweep cir- 


oscille SCOPE 
cuits, a high voltage oscilloscope tube which requires 
20 kv for anode supply, and a special screen which enables 
photographs to be taken. The high voltage is required on 
the anode of this tube in order to assure proper brightness 
at the higt The sweep circuits are designed 
to be nonlinear so as to fit more closely to the impulse non- 
linear speed An external source of dc voltage is 
calibrate the vertical deflection of the oscilloscope 
This enables the test engineer to calculate the im- 
y by comparing the dc calibra- 
In order to 
synchronize the sweep with the impulse wave, it is trig- 
gered with the same voltage pulse that triggers the wave- 
stwork. Pictures of impulse tests are usually 
a high speed camera, and it is possible to deter- 
these oscillograms. Fig- 


writing speed S. 
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ure 19 shows a 112 by 40 impulse, which is a good test. 
Figure 20 shows two tests on a specimen with corona 
breakdown. 


Corona is characterized by a dip in voltage and then a 
rebuilding up to the original voltage level. It is usually 
predominant at the peak of the impulse or just after the 
peak. Figure 21 is a typical breakdown from conductor 
to ground. Figure 22 is a test on a specimen which shows 
a partial breakdown to ground. This would result when 
parts of a winding of a transformer would short out or if 
parts of a series insulation would short out. 


While standard 60-cycle high potential tests can only 
indicate freedom from insulation defects, corona tests 
actually prove the design quality of the switchgear high 
voltage components. Corona-free design is the best assur- 
ance that insulation on breakers, bushings, bus, and instru- 
ment transformers will withstand years of service. 








MORE LIGHT ON EARLY STEAM TURBINE HISTORY 


Dear Mr. Allen 


I have read with interest your article “Steam Turbine History Highlights,” 


Allis-Chalmers “Electrical Review.” 


as it appears in the 


Some statement in reference to early De Laval developments may be of interest to you as it reflects 


the early turbine industry. 


give the very early history of Dr. De Laval’s activity. 


high points 


I have had access to some historical write-ups originating in Sweden, which 


From these data I give you below some of the 


The first intimation that Dr. De Laval was thinking of a steam turbine dates back to 1876, where 


$ personal notes cover a machine of that type. 


In 1886, he had the first thought of the impulse type 


of a. where he had come to the conclusion that an ‘expanding nozzle was needed in order to get 
the full benefit of velocity from liberated energy in the steam. 


In 188 
unit for commercial application. 
separator 


3, he built a reaction type of turbine operating at 42,000 rpm and found it was not a practical 
A number of small units were built and used for driving the cream 


Experiments with single-stage De Laval turbines also covered research on flexible shafts as well as 


louble helical gears 


These experiments were carried out in 1886 to 1890. 


big finished design of the first single-stage De Laval turbine, including the use of the expanding 
nozzle, flexible shaft and double helical gears, was tested in 1890, and at that time designs had been com- 
plessd with a series of different sized units, from 5 horsepower to 200 horsepower. 

The first commercial contract, in competition with steam engines at that time, was in 1891, when 
two 5-horsepower turbogenerators were used for the illumination of an outdoor skating rink in Stockholm. 

During his experiments in 1889, he had also produced and tested a great number of different types 


of turbine wheels, including two rows and three rows in combination. 


He also tested some wheels where 


the buckets were machined in the disc, very similar to the present Terry turbine. 


The record shows that the first time the De Laval turbine was used for marine application was in 
1892, when a 15-horsepower unit was built having two wheels — one for ahead operation and one for 


astern Operation. 
and had 
ticular unit was 


double helical gearing for a propeller speed of 330 rpm. 
built with the turbine case built for bottom exhaust to the condenser. 


Running tests were conducted in the summer of 1893. This unit operated at 16,429 rpm 


It is interesting to note that this par- 


As far as our records go, the first steam turbine in the United States was a small single-stage De Laval 
turbine shipp ed to this country in 1891, and was used to convince the Patent Office that the expanding 


nozzle wa 


in 1595 


an important detail in turbine design. This same unit was later exhibited at the World’s Fair 


In 1897, a number of turbines were built in ratings of fifty horsepower and one hundred horsepower, 
each turbine being equipped with its own boiler where steam pressures as high as 3400 Ibs were used. 
Some of these units were used in small power plants in connection with the Exposition in Stockholm in 


L59/, and 


I thought possibly 


Mr. Allen’s articles 
appeared in the second, third, 


and fourth quarters, 1953 issues. 
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furnished the electric power for a certain section of the Exposition. 
the above information would be of interest to you from a historical standpoint. 


Very truly yours, 


(Signed by) C. R. Waller 
Director for Engineering 
DE LAVAL STEAM TURBINE CO. 
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SIMULATING HIGH ALTITUDE flight conditions — the sub velopment Center, Tullahoma, Tennessee. Each of two identi- 

atmospheric pressure and ultrasonic speeds encountered by jet cal compressors, functioning as exhausters, will be driven by 

aircraft — this 1,000,000-cfm axial compressor rotor will be in 24,500-hp synchronous motors and 6000-hp wound-rotor mo-_ ; Allis 
stalled in the Ram Jet Addition of the Arnold Engineering De tors used for starting and supplementing the main drive motors. B 





by V. B. HONSINGER 
Engineer-in-Charge 
Apparatus Development Laboratory 
Allis-Chalmers Mfg. Co. 
Norwood Works 


EDUCING PHYSICAL SIZE without changing 

2: performance is the goal of the current National 

lectrical Manufacturers Association rerate pro- 

gram for induction motors from 1 to 30 horsepower. 

Meeting these new specifications calls for an analytical 

understanding of NEMA standards as well as a knowledge 
of design procedures. 

Stated by themselves, NEMA standards are specified 
numbers which express limiting conditions that inherently 
satisfy slectrical needs for particular re- 
quirements. To the designer, each electrical limit defines 
a system of points on a line; and when two of the require- 
ments or limits are related, a two-dimensional system of 
points defining a surface or region is formed. This region 
represents the possible variations of design constants 
which are compatible with the NEMA standards. As each 
requirement is superimposed, it narrows the region — or 
show incompatibility with the previous re- 


mechanical and e 


may even 
quirements 

In any case, specifications of induction 
motors involve several key indices which shape the design. 
For Design B motors, NEMA standards define these five 
limiting conditions or values: 


performance 


Minimum locked-rotor torque (T;) 
Maximum locked-rotor amperes (J, ) 
Minimum breakdown (maximum torque) (T,,) 
Maximum full-load slip (s = .05) 
Maximum full-load temperature rise 

Within the prescribed limits of these requirements 
there are an infinite number of possible motor designs, and 
those that excel in one or more features are sought out 
by designers. 

Some induction motor performance requirements are 
interdependent. This is obvious from performance equa- 
Consider, first, the equation for motor leakage im- 
pedance, in terms of the symbols defined in Figure 1, if 
skin effect for the rotor cage is ignored. The leakage re- 
actance components of the primary and secondary are 


tions. 
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grouped together and called x. The resistive components, 
for the primary and rz for the secondary, are distin- 
guished from each other because the value of r2 depends 
on several NEMA standards. The leakage impedance is: 
z= (1 + 12)? +x? (1) 

In this, z and rz are limited by NEMA standards, and 
thus the equation reduces to a function f (11, x). The 
form of the equation is that of a circle having radius z 
with the center at point P ( —r2, 0). 

Specifically, the limit of z is given by maximum per- 
missible locked-rotor current if the effect of no-load cur- 
rent is neglected. This omission will not significantly 
affect the basic conclusions. 


V 
= ; where J, is maximum 


The magnitude of rz falls between two limits. The first 
is determined by locked-rotor torque and ampere require- 
ments, while the second is determined by motor slip: 


T Ms T, is minimum 


es 
“= 7.04 m, (1,)? 





r 


I, is maximum 
and 
T ngs 

7.04 m, (Iz)? 

These inequalities together with the functional relation- 
ship f (7, x) define a region in which the design must 
fall. In this case, because z is minimal, the region is the 
part exterior to the circle, as shown in Figure 2. 





fos s is maximum 


9 


Expressing maximum torque graphically 

The next step in determining the compatible design region 
is the graphic expression for maximum or breakdown 
torque: 


7.04 my V2 


ja Es 
Ns 2(n +r? +2) 





(2) 














r, — primary resistance. 

r.4 = secondary resistance at zero or small frequency. 
k, = factor to account for skin effect in rotor cage. 
x, = primary leakage reactance. 

X» = secondary leakage reactance. 

x= xy + X% 

z= (ry +6) +ix 

1, = primary locked-rotor current ~2 V/z...z, > >2z 


and s = 1...approx. I, = Is,. 
I, = secondary locked-rotor current — V/z. 


7.04 1? (kore 
bine: to Mt 


T, = locked-rotor torque — 
n 
8 


T,,, = maximum torque. 
T = full-load torque. 

m, = number of phases. 

n, = synchronous rpm. 

1,, ly = fulltoad primary and secondary current. 
s = slip. 

V = primary voltage per phase. 

E = secondary voltage per phase. 


SYMBOLS AND DEFINITIONS used in this article. (FIG. 1) 














This equation likewise is a function f(r, x) and trans- 
forms into a standard parabola 


F 8 8 
#=—43(n-F) (3) 


7.04m,V? T, is minimum 


2nel m .. § is maximum 


where 


3 


IIA 


The value of 8 is determined by the minimum limit for 
maximum torque. In other words, 6 is maximal and the 
region so defined is interior to the parabola. Figure 3 
shows this condition. 

Combining the circle and parabola and restricting the 
design to positive values, a region bounded by the circle, 
parabola and x,r; axes is obtained. This is shown in Fig- 
ure 4. All motors falling into this region will satisfy the 
first four of the five requirements previously listed. 


Reducing the compatible region 
We have derived elsewhere the somewhat qualitative 
formula: 


(I2./1,)* 
9 608 0 ae (1 — 5) sk, (4) 
We are supposing at this stage that skin effect for the 
rotor cage is unity, &, — 1... later this will be reconsid- 


ered. It is requisite to design for high motor efficiencies 
as well as power factors. Satisfactory temperature rise, 
service factor, life, cost of operation— all are dependent 
particularly upon high efficiencies as well as, but to a lesser 
degree, upon high power factors. In order to obtain a 
high product » cos @, it is clear that as a general criterion 

1. Percent locked-rotor torque must be minimum. 

2. Percent locked-rotor current must be maximum. 


This is exactly converse to the specified limits on locked 
rotor torque and amperes. Consequently, motors are de- 
signed to approach the limits as closely as is feasible with- 
in manufacturing and application tolerances. In this man- 
ner, motors can be designed that will excel in efficiency 
and power factor insofar as these are affected by locked- 

















rotor torque and ampere requirements. In addition, the 
most that can be done to reduce temperature rise (the 
fifth requirement) will have been accomplished. 


The new region is now very much limited. In fact, in 
the most technical sense, it has been reduced from a sur- 
face to a curve, which is shown in Figure 5 as a very nar- 
row island just outside the z radius. Since it falls entirely 
within the larger region of compatibility, this curve is 
compatible with the first four requirements. Other prob- 
lems have also been clarified and several more require- 
ments of the standards automatically cared for. For 
example: 

1. Maximum torque of the motor will be over the mini- 
mum limit. 

2. Motor slip will not only be under the maximum 
limit but is now fixed by the formula: 

T Ms 
2. 7.04 m, (I,)? 

Secondary locked-rotor current can be substituted for 

I, in this formula. . 


r 


Finally, only a specification of either r1, x or the ratio 
r,/x is needed to render the design unique. T. C. Lloyd 
has illustrated the dependency of the ratio r;/x on lamina- 
tion design of the stator and rotor. The design of these 
members, however, is a part of a different and more de- 
tailed viewpoint than this broad analysis. 

These conclusions are valid only when equations (1) 
and (2) are valid. If, for example, a motor rotor is given 
an extremely high skew, the motor can take on radically 
different characteristics and not exhibit any distinct value 
for maximum torque or show a reversal of curvature in its 
speed-torque curve. Equation (2) would not be valid in 
this case. 

Influence of skin effect 
Skin effect in rotor bars increases rotor resistance and de- 


creases rotor slot reactance as frequency is increased. At 
locked rotor, rotor frequency is line frequency and skin 
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COMPATIBLE REGION satisfies four 
basic requirements: locked-rotor am- 
peres and torque, maximum torque, 
and full-load slip. (FIGURE 4) 
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yar rotors, while at the slip of 
t frequency is small and so is 
skin effect can alter a design quite radi- 
-alistic consideration. To deter- 
will alter the compatible de- 
formula can be used. In this 
are leakage reactance and 

as at locked rotor, while 
smaller frequencies (in this 
Further, 
include skin effect where fro is the rotor 


impeda full skin effect 


partic t the slip of maximum torque). 


g zero frequency. Thus at locked rotor 
vith fu ffect equation (1) becomes: 
2 | bro)? + x,2 (5) 
1 | B.S ~ 
while xximum torque with partial skin effect equa- 
form below, has variables x and r, differ- 
nN 
) 
(a—= 
transformed into a function f (x,71) by 
simp n tion 








Equa n ure now expressed by the same 
he factor in equation (6) becomes a 
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Lou li wes NOT aiter 
simp! On OF its center as k,fo where 
his v eneralized value of rotor cage re- 

sistanc t previousiy given 
Pat uation s altered in any case. ‘The in- 
tercep the x, axis is NOW 5(x,/x) where x,/x <1, 
\ € atercept remains as before §/2. Thus the 
effec yw the compatible region, as shown in 
Figure owever, the reduction is not great. Skin effect 
ge reactance is not large, since only rotor slot 
eac f the half-dozen components included in 
On the other hand, skin effect for rotor 
resistance is large: &, can be two or more and is the main 

SOUTCE lesign alteration 


The compatibility equation 


It has been assumed up to this point that the circle and 
parabol iting curves have no common points or inter- 
sections. There will be no intersections if the quantity 


(es3 ; z.) 0 (7) 
NEMA elements are involved in 


S Of this equation 
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SKIN EFFECT narrows the compatible 
region without encroaching on the 


island of maximum 7 cos. 9. (FIG. 6) three-phase 60-cycle motors. 


If this quantity (8/2 + &,r2 — zs) is zero or any posi- 
tive number, the requirements are compatible. The con- 
verse is not true. If the quantity is a negative number, 
compatibility may still exist. Since the quantity can be 
proven positive for all of the popular Design B motors 
designated in NEMA standards by inserting limits for T,, 
I,, and T,, (see Table 1), it is called the “compatibility 
equation.” The components also determine the limiting 
circles and parabolas. 

Figure 7 shows 5-hp, 1800-rpm motors of A, B and C 
designs. Compatibility clearly exists for all three motors 
—all of which exhibit distinct breakdown or maximum 
torque. These considerations do not apply to Design D 
motors which have no breakdown torque specifications and 
do not necessarily exhibit a distinct reversal in curvature 
of the speed-torque curve. 


Compatibility of slip with locked-rotor torque 


and amperes 

NEMA standards define two separate rotor cage resistances 
(quite apart from the single value existing in the actual 
rotor itself) which have been designated as r’s and 1’2. 
The assumption up to this point has been that the value 
of rotor resistance 12, corresponding to maximum per- 
missible slip, is greater than or equal to resistance 1’2, 
corresponding to permissible locked-rotor torque and 
amperes. This is not necessarily true. If an extremely large 
locked-rotor torque together with a very low slip were 
specified, a condition impossible to meet could result. 
Compatibility between these two resistances must exist 
quite aside from the other compatibility condition previ- 
ously discussed. The two resistances 1’. and 12 confine 
the center of the locked-rotor circle in Figures 2, 4 and 5. 
If rs < 1’ (the converse is shown in these Figures), then 
the motor slip limit cannot be satisfied when the locked- 
rotor torque and ampere limits are satisfied. Compatibil- 
ity will exist when the specifications are arranged so that 
r’s=r’z. Consider two determinate equations for 1’2 
and 7’5. 

Tn,s 


J04 m, Us)?" full load 


—— 








RELATIVE compatible regions for Design 
A, B, and C 5-hp, 1750-rpm 440-volt, 





2 — Pole Motors — 440 Volts 


‘2 fo =e 
a Jae tor 
ra 7.04 m, (1,)* at locked rot 


We shall certainly have rs = r’2 when 

r’. =r’. k, ... because k, = 1 
The same result in a slightly modified form is obtained by 
dividing the determinate equations above, one by the other 





rs = (1,/l2)* 
een *. i 
Consequently, 7’. = r’2 when 








ie , 
Ie s— T = (od) 


If equation (8) is zero or any positive number, then 
the value of &,r’s is smaller than r’’s and, of course, r’2 by 
itself is still smaller. Equation (8) thus penalizes, possi- 
bly unnecessarily so, the probability of compatibility of 
these two types of resistance limits. Suppose, for example, 
equation (8) is not satisfied or is negative. Compatibility 
may still be caused to exist through use of the rotor 
resistive skin-effect factor k,. Taking as the limit of com- 
patibility r’’2 = r’2, then instead of equation (8) we have 
with but slight algebraic manipulation, 

i ods T/T ce (9) 
" (1/12)? 5 

This is the value of the rotor cage resistive skin-effect 
factor required to insure that both slip and locked-rotor 
torque and amperes can be obtained from one rotor dc 
resistance 15 = r’s. 

It is generally not necessary to resort to the extreme of 
this case, which could mean that the slip is at the limit of .05. 
However, the ramifications of equation (9) mean that the 
center of the locked-rotor circle may be designated as £,r2 
as in Figure 6, with no loss in generality and with only 
little reduction of the “compatibility region.” The locked- 
rotor circle radius, itself, is an independent specified value 
having to do with &,r2 only in the way the values £,7r2, 1; 
and x, are prorated into z,. True, the larger the resistive 
factor £,, the smaller the reactive skin-effect factor. How- 


ever, this effect is not vital, since the reactive factor, here 
designated as x,/x, influences’ only one of a half-dozen of 
the constituent leakage reactance components, and there- 
fore has only a relatively medium effect. 

Equation (8) is satisfied for many NEMA Design B 
motors, and those which do not satisfy the equation are 
easily corrected by use of skin effect or deep bar rotors. 
This is sometimes desirable to improve efficiency; how- 
ever, in extreme cases power factor, which is reduced 
somewhat by use of deep bar rotors, will be unduly im- 
paired. 


Manufacturing tolerances must be considered 

From these considerations, generalized design objectives 
compatible with NEMA standards become apparent, par- 
ticularly for the popular Design B motors. Locked-rotor 
torque and amperes, for example, should be as near these 
limits as manufacturing tolerances permit. A practice 
which has worked successfully is to design locked-rotor 
torque slightly over, and locked-rotor amperes slightly un- 
der the permissible limits. When this is done, breakdown 
torque will be over the minimum permissible value, and 
motor slip, except in very exceptional cases, will be less 
than 5 percent, which is the maximum permissible value 
for designs A, B and C. In addition, the product of eff- 
ciency and power factor, insofar as it is affected by locked- 
rotor torque and ampere specifications, will be maximum. 

On the other hand, 220-volt motors that are to be rated 
for 208 volts as well must have a locked-rotor torque at 
least 12 percent over the NEMA standard for 220 volts if 
they are to meet NEMA standards at 208 volts. Such con- 
siderations as this enter into some cases. 

Motors that greatly exceed locked-rotor torque for a 
given application will probably be low in efficiency and 
high in operating costs. In addition, original cost will 
probably be higher because more copper will be required. 

Consequently, good design practice is to adhere as 
closely as possible to the locked-rotor torque and ampere 
limits of NEMA standards for motors and generators. 


TABLE | — Design-B Motors... Specifications Derived from NEMA 


n, = 3600, n,, = 3500 





Ey BR ee ee ee FA = —Z,+k,r. 
175-225 = 250: 12.620 11.280 1.768 3.108 
175 30.0 250 8.420 8.460 1.495 1.455 
150 45.0 9225S 5.600 5.640 «= 945 905 
150 60.0 215 3.910 4.230 ~=—-800 480 
150 75.0 §=6200 3.160 3.390 «= 4.82 A52 
150 -110.0 «200 2.105 2310 ~=—-.476 271 
150 145.0 «200 »='1.580 1.750 «9.365 195 
150 1825 200 1.263 «1.390 «= .288 158 
1502175 «=200 Ss -1.053. 1.168 = 244 126 
135 290.0 200 788 875 164 077 


n, = 1200, n,;, = 1150 





175 9.0 275 30.200 28.200 4.200 6.200 
175 12.0 275 = =22.650 21.150 3.150 4.650 
175 17.5 275 15.050 14500 2.225 2.775 
175 22.5 250. 12.420 11.290 1.792 2.922 
175 30.0 250 8.290 8460 1.515 2.645 
160 45.0 225 5.530 5.640 1.023 -923 
150 60.0 215 3.860 4.225 811 446 
150 75.0 200 3.110 3.385 690 415 
140 110.0 200 2.070 2.305 451 216 
135 145.0 200 1555 1.750 334 139 
135 182.5 200 1.220 1.390 = .268 098 


4 — Pole Motors — 440 Volts 


n, = 1800, ay = 1740 





8 — Pole Motors — 440 Volts 


r) 
HP T.% I, T,,% 5/2 Zz, kro 2. —Z fp kh, 
1 275 12.0 300 20.900 21.150 4.911 4.661 
1% 265 17.5 300 13.920 14.500 3.340 2.760 
2 250 22.5 275 11.400 11.300 2.550 ' 2.650 
3 250 30.0 275 7.100 8.460 2.150 1.270 
5 185 45.0 225 5.575 5640 1.178 1.013 
7% 175 60.0 215 3.890 4.230 -940 600 
10 175 75.0 200 3.135 3.385 -800 550 
15 165 110.0 200 2.090 2.311 527 306 
20 150 145.0 200 1.568 1.750 -367 185 
25 150 182.5 200 1.253 1.390 -290 153 
30 150 217.5 200 1.045 1.168 245 -122 


n, = 900, n,, — 860 





%, 150 6.0 250 49.600 42.300 5.415 12.715 
¥y, 150 9.0 250 33.100 28.200 4.600 9.500 
1 150 12.0 250 24.850 21.150 2.710 6.410 
WY 150 175 250 16.570 14.500 1.913 3.983 
2 150 22.5 225 13.730 11.300' 1.540 3.970 
3 150 30.0 225 9.200 8.460 1.300 2.040 
5 130 45.0 225 5.940 5.640 .834 1.134 
7% 125 60.0 215 3.850 4.230 677 297 
10 125 75.0 200 3.100 3.385 .577 292 
15 125 110.0 200 2.070 2305  .403 -168 
20 125 145.0 200 1.550 1.750 .310 10 
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Here’s a safe, reliable method of emer- 
gency closing an air magnetic breaker 
onto an energized line where no source 
of control power is available. 

The Pneu-Draulic closing device 
weighs only 40 pounds and can be 
attached in less than 30 seconds. Its 
small size (8 x 14 x 10 inches) permits 
storing near breakers for instant avail- 
ability. Only one device is needed for 
all Allis-Chalmers breakers of one type. 

Basically, the Pneu-Draulic closing 
device is similar to that in the Pneu- 
Draulic operator for high capacity - 
breakers. Only two moving parts are 
used to close breaker. 

For more information, call your 
nearby A-C district office or write 
Allis-Chalmers, Milwaukee 1, Wis. 


A-4268 





portable unit provides full-speed 
closing of air magnetic breakers 








Pneu-Draulic is an Allis-Chalmers trademark. 


ALLIS-CHALMERS 






Te. H. Bloodworth 
Hawley Works 


How Long is 30 dea 


In the history of electric power, 50 years is 
a long time, for electricity was an infant in 
1964 when Allis-Chalmers entered the steam 
and hydro-electric turbine manufacturing 
fields. But viewed as less than a single life 
span, 50 years seems a short time for the fabu- 
lous progress that has been made in the elec- 
tric power field. 
































1862 Mill-drive water wheels 1869 Steam engines 
1882 Surface condensers 1883 Belted dynamo drives 


1892 Direct-coupled engine-driven generator units 


1904—1952 


| 


Only 50 years ago, A-C announced its 
readiness to build steam turbine units up to 
10,000 kw “if required.” Today, operation- 
proved supercharged generators and close-cou- 
pled cross-compound steam turbine designs 
have set a practical pattern for ratings up to 
500,000 kw. In hydraulic turbines, production 
began with a 1250-hp, 88-ft hd unit; now top 
ratings are set by shipping considerations 
rather than design limitations. 

Allis-Chalmers entry into the turbine field 
in 1904 was a natural step, because A-C had 
already established an enviable reputation in 
the manufacture of steam engines and other 
power equipment. Through the intervening 
years, Allis-Chalmers has continued to pioneer ’ 
in the building of a wide, integrated range of 
power producing and utilization equipment. 


ALLIS-CHALMERS @ 


SERVING INDUSTRY SINCE 1847 
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